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Abstract.--Juvenile (14-16 cm total length) and adult (24-26 cm) smallmouth bass Micropterus 
dolomieui were studied in a laboratory stream tank to determine the influence of light, current 
velocity, substrate, and cover on habitat selection. These factors were varied singly and in com- 
bination for ranges of 30-4,000 lx light intensity; 1-47 and 0-20 cm?s current; substrates of sand 
(1 mm), gravel (15-40 mm), boulders with cobble filler (250 mm with 50-100 mm), and boulders 
with cobble removed; and three types of clear and opaque covers. Fish exhibited strong preferences 
for slow current (< 10 cm?s), low light (<300 lx), and cover that provided slow current and low 
light. Substrate was only important when fish could get into the interstices. Juveniles selected 
slightly slower current speeds and lower light intensities than adults, but were similar in all other 
respects. 
Within the geographic range of a fish species, 
availability of preferred habitat may explain vari- 
ation in fish densities (Sale 1972; Hunt 1976; 
DeVore and White 1978). Habitat preferences are 
influenced by biotic and abiotic factors. Important 
in habitat selection by fishes (Butler and Haw- 
thorne 1968; Moyle and Vondracek 1985), abiotic 
factors may be used to assess the quality of a given 
area or they may be strongly correlated with biotic 
factors such as food and protection from preda- 
tors. 
Because smallmouth bass are important sport- 
fish, their physical habitat requirements have been 
quantified in a general way. In flowing waters they 
inhabit clear-water streams with moderate to high 
gradients, rocky substrates, and pool-riffle com- 
binations (Hubbs and Bailey 1938; Reynolds 1965; 
Coble 1975). Habitat choice by adult smallmouth 
bass has been examined in the field (Munther 1970; 
Paragamian and Coble 1975; Probst et al. 1984) 
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and in the laboratory with juveniles (Haines and 
Butler 1969; Reynolds and Casterlin 1976). Phys- 
ical variables that appear to influence habitat choice 
include light, substrate, current velocity, and cov- 
er. In these studies, however, physical variables 
were not measured at the precise position of the 
fish, nor were all variables examined simulta- 
neously. The functions of physical structure, termed 
cover, that attract fish were not examined, and 
adults and juveniles usually were not tested in the 
same study. To remedy these deficiencies, we use 
a behavioral approach in a laboratory stream tank 
to determine how these four abiotic factors (light, 
current velocity, substrate, and cover) influence 
habitat choice by juvenile and adult smallmouth 
bass. Results from our laboratory study were used 
as working hypotheses in Rankin's (1986, this is- 
sue) field study of smallmouth bass habitat selec- 
tion. 
Methods 
Experiments were conducted in a rectangular 
stream tank, 4.6 x 1.8 x 1.2 m deep. Three glass 
windows in the outside wall of each side of the 
tank enabled us to make observations. The tank 
was divided lengthwise into two identical channels 
by a partial wall open at each end to allow water 
circulation (Sechnick 1981). Current was created 
by two paddlewheels, powered by 373-W adjust- 
able-speed motors, located in opposite corners of 
the tank (separated from each channel by 6-mm- 
mesh screens). To reduce turbulence, we placed 
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baffles of plastic pipe (15 x 7.5 cm in diameter) 
in front of the paddlewheels; 6-mm-mesh screens 
separated the baffles from the experimental area. 
Each experimental channel was 3.0 x 0.9 m and 
water depth was 40 cm. Incandescent light (five 
bulbs/m), attached to reflectors over each channel 
of the stream tank, provided artificial lighting. 
Numbers and wattages of bulbs were varied to 
modify light intensities for each experiment. On- 
off timers coupled with slow-on, slow-offdimmers 
(to simulate dawn and dusk) approximated a sum- 
mer photoperiod of 16 h light: 8 h darkness. The 
stream tank and 12 holding aquaria (120-200 L) 
were enclosed in a light-controlled room. Obser- 
vation areas were enclosed with black curtains to 
keep observers in a dark background and window 
screens were placed on viewing windows to pre- 
vent fish from detecting most movement by ob- 
servers. 
To facilitate quantifications of habitat, we mea- 
sured light and current in the stream tank at 20- 
cm intervals along its width, length, and depth. 
Downwelling light was measured with an under- 
water photometer (Tsurumi-Seikikosaku-Sho 
Simple Submarine Illuminance Meter s) immedi- 
ately beneath the water surface and at the bottom. 
Current velocity was measured with a Marsh- 
McBirney Model 523 electromagnetic current me- 
ter (10-mm-diameter probe). A computer program 
interpolated the light and current measurements 
and computed average velocity and light levels for 
each 10-cm cube in the stream tank. At each ob- 
servation, the position of the fish was quantified 
by the grid coordinates (X, Y, and Z) of the cube 
in which its head was located. From these coor- 
dinates, current speed, light intensity, substrate, 
and cover could then be determined for each po- 
sition occupied by a fish during an experiment. 
Experimental protocol. -- Juvenile (14-16 cm, 
total length) and adult (24-26 cm) smallmouth 
bass were electroshocked from the Olentangy Riv- 
er north of Columbus, Ohio, and from the Ko- 
kosing River near Millwood, Ohio. Fish were held 
in standing-water aquaria at least 2 weeks and fed 
regularly before experiments began. 
The basic experiment included 3 d of acclima- 
tion in the stream tank and 3 d of observations. 
Observations were made seven times during the 
day: dawn, dusk, and every 3 h between these, 
beginning 1 h after dawn. During each observa- 
5 Reference to trade names does not imply endorse- 
ment by the U.S. Fish and Wildlife Service. 
tion, fish were assigned to grid coordinates every 
30 s for 15 min (30 observations). Only one fish 
was tested per channel per experiment. Fish were 
fed 5% of their body weight of beef heart at 1530 
hours each day. Variations from this basic pro- 
tocol are noted in Table 1 and discussed in the 
methods for each experiment. 
Four variables were tested: light, current veloc- 
ity, substrate, and cover. Three lighting conditions 
were used: a light gradient of 30-4,000 lx with the 
dark end adjacent to the paddlewheel (upstream), 
a reversed gradient (30-4,000 lx) with the light 
end adjacent to the paddlewheel, and a uniform 
low light intensity (50-250 lx). In all tests, edges 
and lower levels of the tank were darker than cen- 
tral and upper areas (Sechnick 1981). 
In preliminary light-selection experiments, there 
was no water current. In the other experiments the 
current was slow (range: 0-20 cm/s) or fast (1-47 
cm/s). In each test, paddlewheels were set to pro- 
vide maximum speeds at the center surface of the 
tank, 20 cm from the upstream edge of the ob- 
servation area. Current velocity varied with depth 
and position in the tank; current speeds were gen- 
erally slower at the edges than at the center. 
Four substrates were used: sand (1 mm), gravel 
(15-40 mm), boulders (250 mm) with cobble filler 
(50-100 mm) in the interstices, and boulders with- 
out the cobble filler. 
We used clear and opaque covers of three types: 
square, flat plexiglass plates (30 x 30 cm) at the 
surface and at a depth of 20 cm (middepth), and 
an open-ended box (three sides with a square top, 
30 x 30 x 20 cm) placed on the bottom with the 
open end facing downstream. 
We used a X2 test to compare the frequency of 
use of a habitat with the expected frequency of use 
based on the proportional distribution of available 
habitats throughout the tank. Treating each of the 
30 observations within each 15-min period as an 
independent sample could seriously inflate signif- 
icance levels and would be a case of pseudorepli- 
cation (Hurlbert 1984). Therefore, only datum from 
each 15-min observation session was considered 
an independent sample. Frequencies of use for a 
given habitat condition were reduced by a factor 
of 30 (number of subsamples within 15-min ob- 
servation period), providing a conservative test of 
significance. We used X2 contingency tables to de- 
termine whether use of habitats was independent 
of individual fish among juveniles and adults. Me- 
dians used in analysis of cover selection were cal- 
culated with Walsh averages (Hollander and Wolfe 
1973). 
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TABLE 1.--Summary of conditions for stream-tank selection experiments with smallmouth bass. 
Sample Time (d) Experimental conditions Experi- size Obser- 
ment (juvenile/ Acclima- Experi- vations Light b Current 
number adult) tion merit per day a (Ix) (cm/s) Substrate c 
I 2/2 2 
2 1/1 2 
3 1/1 2 
4 1/1 2 
5 I/1 2 
6 1/1 2 
7 5/4 3 3 
8 2/3 3 3 
9 3/3 3 
10 2/4 3 
I 1 0/4 3 
12 2/2 3, I d 
13 2/2 3, 1 
14 2/2 1 
15 2/2 1 
16 3/4 3, 1 
17 4/4 3, I 
3 Sand, gravel 
3 Sand, boulders, 
cobble 
3 Sand, boulders 
Light selection 
7 Gradient (30-4,000) 0 Gravel 
7 Gradient (4,000-30) 0 Gravel 
7 Gradient (30-4,000) 0-20 Gravel 
7 Gradient (4,000-30) 0-20 Gravel 
7 Gradient (30-4,000) 1-47 Gravel 
7 Gradient (4,000-30) 1-47 Gravel 
Current selection 
8 Low range (50-250) 1-47 Gravel 
8 Low range (50-250) 0-20 Gravel 
Substrate selection 
8 Low range (50-250) 0-20 
4 Low range (50-250) 0-20 
4 Low range (50-250) 0-20 
Cover selection 
8 Low range (50-250) 1-47 Gravel 
8 Low range (50-250) 1-47 Gravel 
8 Low range (50-250) 1-47 Gravel 
8 Low range (50-250) 1-47 Gravel 
8 Low range (50-250) 1-47 Gravel 
8 LOw range (50-250) 1-47 Gravel 
a Seven observations per day (hours after dawn): dawn, 1, 4, 7, 10, 14, dusk; eight observations per day: hour 15 was added; four 
observations per day: dawn, dusk, plus two randomly chosen hours. 
b In the gradient, he left number was the upstream intensity. 
c For the substrate selection experiments, either substrate could be upstream. Substrate diameters: sand, I mm; gravel, 15-40 
mm; cobble, 50-100 mm; boulders, 250 mm. 
d Fish were acclimated for 3 d before the experiment, then I d between cover changes. 
Tank bias.--In preliminary light experiments 
without current, smallmouth bass used upstream 
areas of the tank (i.e., immediately downstream 
of paddlewheels) more frequently, whether or not 
these areas were in the dark portion of the light 
gradients. When low light intensities were up- 
stream, juveniles and adults selected light inten- 
sities between 30 and 100 lx more than 70% of 
the time; intensities of up to 4,000 lx were avail- 
able. Fish, however, were also in upstream posi- 
tions when light intensity was high upstream, but 
because they preferred the edges and bottom of 
the tank they were still in areas of fairly low in- 
tensity (adults less than 900 lx; juveniles less than 
400 Ix). It was evident, however, that there was a 
tank bias for the upstream portion of the stream 
tank. Thereafter, light-selection experiments were 
run with current maintained in the stream tank. 
Current eliminated tank bias in these experiments 
as evidenced by definite shifts in fish positions 
with reversal of the light gradient. Occasional at- 
traction by smallmouth bass to reflections in ob- 
servation windows and attraction to comers noted 
in light experiments 3 to 6 were eliminated in 
subsequent current, substrate, and cover experi- 
ments by coveting the inside of windows with 
6-mm-mesh nylon screening and blocking up- 
stream comers with small-mesh screening. 
Light Selection 
Light selection experiments were run with slow 
current (experiments 3 and 4, Table 1) or fast cur- 
rent (experiments 5 and 6) to simulate a natural 
stream. The light gradient in one channel placed 
the brighter end upstream and the other channel 
had the reverse gradient. One juvenile or one adult 
was placed into the tank and acclimated for 2 d, 
tested for 1 d, transferred to the other channel, 
acclimated for 1 d, and retested. 
The juvenile smallmouth bass strongly selected 
light intensities less than 100 lx in each channel 
at slow (Figure 1) and fast current velocities (P < 
0.01). The adult generally selected light intensities 
of less than 300 lx; however, selection was not 
significant (Figure 1). The most frequently selected 
range of light intensities, 50-250 Ix, was used in 
the remainder of the experiments. 
The juvenile in this experiment and those in 
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FmURE 1.-- Light selection by smallmouth bass in light 
gradients at slow current velocity in a laboratory stream 
tank. Solid bars represent percent time a fish spent at 
different light intensities whereas open bars represent 
light intensities available in the tank. Panels 1 and 3 
(from top) represent experiment 3 (high light intensity 
downstream); panels 2 and 4 represent experiment 4 
(high intensity upstream). 
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FIGURE 2.--Current selection by smallmouth bass in 
slow and fast current velocities at preferred light inten- 
sities (experiments 7 and 8) in a laboratory stream tank. 
Solid bars represent median percent ime spent by small- 
mouth bass at a current velocity whereas open bars rep- 
resent current velocities available in the tank. Although 
individual fish varied significantly (P < 0.05) in use of 
current speeds (except adults in slow current), the range 
of variation was only several cm/s. 
subsequent experiments selected the bottom 10 
cm of the water column. The adult in this exper- 
iment selected the 10-20-cm depth, whereas adults 
in subsequent experiments selected the bottom 10 
cm. Both adults and juveniles generally oriented 
into the current except when water velocities at 
their locations were near zero; then, they oriented 
about equally in up- and downstream directions. 
Current Selection 
Constant light levels (range: 50-250 lx) were 
used with both fast- (experiment 7, Table 1) and 
slow- (experiment 8) current experiments; the same 
current regimes were used in later experiments. 
An observation was added an hour before dusk to 
determine whether movement increased then. 
Whether maximum currents were 20 or 47 cm/s, 
both juveniles and adults, with one exception, 
preferentially selected velocities of 10 cm/s or less 
(Figure 2; P < 0.05). Selectivity by both groups 
was strongest under the low-velocity regime. Adults 
spent slightly more time in faster currents than 
juveniles in both tests; however, the variability 
among individuals was significant (P < 0.05), pre- 
cluding statistical comparisons. The variation in 
current preferences among individuals, however, 
was only over the range of a few centimeters per 
second. 
Substrate Selection 
In experiments 9-11 (Table 1), we determined 
whether or not smallmouth bass selected a sub- 
strate size when their preferred current speed and 
light intensities were available. Sand (1 mm) was 
tested against gravel (15-40 mm) and against boul- 
ders (250 mm) with and without cobble filler (50- 
100 mm). Substrates to be compared covered op- 
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FIGURE 3.--Substrate selection by individual juvenile 
(J) and adult (A) smallmouth bass when given equal 
amounts of sand and (1) gravel, (2) boulder, or (3) boul- 
der with cobble substrates at preferred current speed and 
light intensity in a laboratory stream tank. Upper panel 
represents experiments with sand upstream; lower panel 
with sand downstream. Asterisks indicate substrate pref- 
erence at P < 0.05. 
posite ends of each tank channel; each substrate 
was upstream in one channel and downstream in 
the other. Preferred light (50-250 lx) and current 
(0-20 cm/s) regimes were used. In experiments 10 
and 11, dawn and dusk observations were con- 
ducted each day, in addition to two other obser- 
vations chosen at random without replacement 
from the other six daylight observation times. 
During experiment 9, observations were conduct- 
ed at all six daylight times. 
No consistent substrate preference was seen. In 
the sand-gravel comparisons, one juvenile and one 
adult made no selection and the rest of the fish 
preferred whichever substrate was downstream 
(Figure 3). When sand was tested against boulder 
with cobble, both juveniles hid under the boulders 
more than 90% of the time. When cobble was 
removed to increase the sizes of interstitial spaces 
among boulders, three of four adults spent more 
than 65% of their time under the boulders. The 
other adult preferred sand, but hid under boulders 
about 14% of the time. In sand-gravel experi- 
ments, fish tended to choose downstream sub- 
strates. This may partly explain the preference for 
sand in the sand-boulder with cobble experiments. 
No clear preference occurred for substrate unless 
the substrate provided cover. Current speeds se- 
lected were similar to those depicted for the slow 
current in the current selection experiments (see 
Figure 2). 
Cover Selection 
To determine the features of overhead cover 
most important to smallmouth bass, we compared 
different covers that would provide, singly or in 
combination, tactile stimulation, a visual refer- 
ence point, an area of quiet water, or an area of 
darkness (Tables 1, 2, experiments 12-17). Be- 
cause we detected no preference by smallmouth 
bass for a specific substrate size if it did not itself 
provide cover, we used gravel in these experi- 
ments. Fast current speeds were used because they 
provided the variations in velocity necessary for 
comparing cover use in slow and fast currents. 
Clear, flat, 900-cm 2 plates at the surface pro- 
vided only tactile stimulation. If smallmouth bass 
shifted their depth preference to the surface under 
this cover, then tactile stimulation would be con- 
sidered important. Low use of this cover, however, 
does not imply that tactile stimulation is unim- 
portant; alternative sources, i.e., tank sides and 
corners, could provide superior tactile stimuli. 
Opaque, flat covers at the surface provided an area 
of darkness, a visual reference point, and tactile 
stimulation. When these covers were lowered to 
middepth, light intensity under the opaque cover 
decreased; all other variables remained the same. 
Open-ended boxes (open end downstream) pro- 
vided areas of slow current and, when opaque, of 
low light intensity. For boxes, fast and slow current 
speeds refer to the current around, not inside, the 
box. 
Covers were placed 50 cm from each end of the 
tank, 40 cm from the outer wall, and 20 cm from 
the inner partition. These two positions had dis- 
tinctly different current speeds in the bottom 10 
cm (Table 2)--upstream covers were surrounded 
by slower currents than downstream covers--and 
rarely were used when no cover was present. Clear 
and opaque covers of each type were tested si- 
multaneously, one in each of these two positions. 
Flat overhead covers were tested first. Fish were 
acclimated for 3 d in the tank, then tested 1 d (all 
eight observation periods). The covers were then 
switched from one end to the other end of the tank 
or lowered. After each adjustment, we allowed 1 
d of acclimation and made observations on the 
following day. Fish were removed from the tank 
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TABLE 2.--Summary of cover conditions for cover selection experiments with smallmouth bass in a laboratory 
stream tank. 
Experi- Bottom cur- Light intensity 
ment rent velocity under covers 
number Cover design Depth Type Position (cm/s) (Ix) 
12 Flat Surface Opaque Upstream 2-3 25-75 
Flat Surface Clear Downstream 7-19 120-140 
13 Flat Surface Opaque Downstream 7-19 25-75 
Flat Surface Clear Upstream 2-3 120-140 
14 Flat Middepth Opaque Upstream 2-3 25-75 
Flat Middepth Clear Downstream 7-19 120-140 
15 Flat Middepth Opaque Downstream 7-19 25-75 
Flat Middepth Clear Upstream 2-3 120-140 
16 Open-ended Bottom Opaque Upstream 3 1-33 
box (2-4) a 
Open-ended Bottom Clear Downstream 3-5 130 
box (8-21)a 
17 Open-ended Bottom Opaque Downstreaam 3-5 7 
box (8-2 l)a 
Open-ended Bottom Clear Upstream 3 140 
box (2•) a 
a Values in parentheses are bottom velocities around the boxes. 
only between the overhead cover and box exper- 
iments. 
Flat overhead covers at the surface and clear 
ones at middepth were not preferred by any fish 
(Table 3). Opaque flat covers at middepth were 
not used by the juveniles, but they were used by 
the adults when the current was slow. The only 
cover used provided shade and was in quiet water; 
therefore, the type of tactile stimuli these covers 
provided seemingly was not important to small- 
mouth bass. 
Opaque open-ended boxes surrounded by slow 
TABLE 3.--Median percent time spent by smallmouth 
under various covers (experiments 12-17) at preferred 
light intensities in a laboratory stream tank. Current ve- 
locity (fast or slow) was that in the vicinity of covers (see 
Table 2). Sample sizes (number of fish) are in parenthe- 
ses. 
Cover type 
Cur- Plate at Plate at Open-ended 
rent surface middepth box on bottom 
veloc- 
ity Clear Opaque Clear Opaque Clear Opaque 
Juveniles 
Fast 0.6 1.5 0.4 1.3 2.0 48.0 
(2) (2) (2) (2) (3) (4) 
Slow 0.0 1.5 0.4 2.1 15.1 77.9 
(2) (2) (2) (2) (4) (3) 
Adults 
Fast 0.0 0.9 0.0 0.6 0.4 48.3 
(2) (2) (2) (2) (4) (4) 
Slow 0.0 5.0 0.6 26.7 1.6 72.4 
(2) (2) (2) (2) (4) (4) 
current (2-4 cm/s) and located upstream were used 
more than any other box, greater than 65% of the 
time by all fish, except one adult that consistently 
avoided all cover (Table 3). This cover provided 
quiet water and low light. Clear boxes surrounded 
by fast current and located downstream rarely were 
used. Use of the other boxes, opaque boxes in fast 
water and clear boxes in slow water, varied among 
individuals, but were used less frequently than 
opaque boxes in slow water. Fish seemed to have 
trouble crossing the fast current to get to down- 
stream boxes; several fish were swept against the 
downstream screen as they attempted to enter 
boxes. This was a factor in the reduced use of 
downstream (fast water) boxes. Thus, in these ex- 
periments, low light intensity and slow current in- 
fluenced use of physical structure of both adult 
and juvenile smallmouth bass. 
Discussion 
Of the four physical factors examined, light in- 
tensity, current speed, and cover all influenced 
habitat selection by juvenile and adult smallmouth 
bass. Substrate, unless large enough to provide 
shelter, did not appear to influence position choice. 
Plexiglass covers seemed to have the greatest in- 
fluence on habitat choice, especially when they 
provided slow current and reduced light. 
Results from our study were consistent with oth- 
er laboratory work with juvenile and yearling 
smallmouth bass (Klauda 1968; Haines and Butler 
1969; Munther 1970; Reynolds and Castedin 1976; 
MacCrimmon and Robbins 1981). In all these 
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studies, smallmouth bass chose areas of slow cur- 
rent and darkness. Munther (1970) found that ju- 
venile smallmouth bass in tanks preferred boulder 
substrates with large crevices to sand substrate, 
and, as in our study, fish hid beneath the boulders. 
Our results were less consistent with results of 
various field investigations (Reynolds 1965; 
Munther 1970; Hubert 1981; Paragamian 1981; 
Probst et al. 1984; Rankin 1986). Although most 
of these studies indicate a preference by small- 
mouth bass for areas of reduced current, they have 
also illustrated some association between small- 
mouth bass and gravel or rocky substrate. Small- 
mouth bass spend more time feeding over gravel 
and cobble substrates than sand substrates (Ran- 
kin 1986). This suggests that substrate preferences 
may be partly food-related. The lack of prey in 
our experiments would then explain the lack of 
substrate preferences by fish in the laboratory. 
Fish were more variable in their selection of 
current velocities during fast-current experiments 
than during slow-current experiments for both ju- 
veniles and adults. As the availability of slow- 
current areas decreases, fish must move through 
more areas of fast current just to reach patches 
with slow current; thus, the metabolic cost of living 
in a high-gradient area may be high even if much 
time is spent in slow current. 
Because smallmouth bass exhibited distinct 
habitat preferences, we expect that the availability 
of preferred habitats could have a profound effect 
on habitat use. In the laboratory, smallmouth bass 
distribution seemed to be most strongly affected 
by cover and it is important in the field as well 
(Probst et al. 1984). Loss of cover in streams should 
have deleterious effects on smallmouth bass. In 
the process of stream channelization, habitat di- 
versity is greatly reduced, and cover types such as 
undercut banks and overhanging vegetation are 
often eliminated. When cover availability is re- 
duced in this manner, smallmouth bass popula- 
tions decrease and growth usually slows (Griswold 
et al. 1978). Angermeier and Karr (1984) provide 
evidence that the removal of woody debris from 
a warmwater stream causes large fish to avoid these 
reaches. Although it seems evident that cover is 
important to smallmouth bass and large-scale de- 
struction of habitat affects their populations, the 
relationship between the characteristics of cover 
and population size or growth has not been ex- 
amined in the field. 
If use of cover is feeding-related, i.e., small- 
mouth bass feed in or near cover or ambush prey 
from cover, then prey distribution may affect coy- 
er use. In an Ozark stream, where only 31% of 
smallmouth bass were in open water (> 1 m from 
cover), smallmouth bass fed primarily on crayfish 
and fish; benthic insects were much less important 
(Probst et al. 1984). In a Michigan stream, how- 
ever, smallmouth bass less than 20 cm were typ- 
ically observed foraging on benthic insects and 
rarely attacked crayfish or fish (based on daylight 
observations); in this stream smallmouth bass were 
seldom seen near cover (Rankin 1986). It is not 
known whether prey distribution affects cover use 
or if the availability of cover in a stream deter- 
mines the foraging behavior of smallmouth bass. 
In the laboratory, selection of cover in the absence 
of prey suggests that the areas of slow current and 
darkness provided by physical structure could serve 
as resting areas: safe habitats with low metabolic 
cost. 
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